INTRODUCTION
============

Knee Osteoarthritis (OA), a disease with regressive changes in the articular cartilage of the knee, is a clinical and public health problem in the elderly due to increasing medical and nursing care costs. There have been many studies on knee OA that have looked at ways to prevent and appropriately treat these patients. Studies evaluating risk factors for knee OA have reported older age, female sex, obesity, muscle strength, higher BMD, previous knee injury, genetic factors, oxidative stress and smoking as risk factors.^[@ref1]-[@ref13])^However, few studies have examined the relationship between spinal factors and knee joint disorders in elderly people.^[@ref14]-[@ref17])^ Furthermore, to the best of our knowledge, no previous study has examined the association between spinal factors, such as total spinal alignment and spinal range of motion (ROM), and how they affect knee OA. Therefore, the objective of this study was to investigate the relationship between total spinal alignment, spinal ROM and knee OA in elderly subjects by screening a community population.

MATERIALS AND METHODS
=====================

The subjects were healthy volunteers who attended a basic health checkup supported by a local government in 2011. This checkup (Yakumo study) has been conducted in the town of Yakumo in a rural area of southern Hokkaido, Japan every August since 1982. The current study involved 170 subjects ≥60 years old (70 males and 100 females) who received examinations that included posteroanterior (PA) weight-bearing knee radiographs made with the knee in 45 degrees of flexion and the use of SpinalMouse^®^ (Idiag, Volkerswill, Switzerland) for determining sagittal alignment of the total spine and spinal mobility. The knee flexion angle between the femoral axis (from the greater trochanter to the lateral condyle) and the tibial axis (from the head of the fibula to the lateral malleolus) was measured with a goniometer while the subject was standing. The average age of the subjects was 69.4 years old (range: 60\~89). Subjects with a history of spinal or knee surgery, severe knee injury, Parkinson's disease, and spinal compression fracture were excluded from the study. The study was approved by the Committee on Ethics in Human Research of Nagoya University.

Evaluation of spinal alignment and range of motion using SpinalMouse^®^
-----------------------------------------------------------------------

Spinal alignment and range of motion (ROM) were measured using SpinalMouse^®^, an electronic computer-aided device that noninvasively measures sagittal spinal ROM and intersegmental angles using the so-called surface technique. Intraclass coefficients of 0.92--0.95 have been determined for curvature measurement made with SpinalMouse^®^.^[@ref18])^ In the current study, we measured each angle three times in a neutral standing position, maximum bending position and maximum extension position, and then used average data in our analyses. The evaluation items included the thoracic kyphosis angle (T1-T12), lumbar lordosis angle (T12-L5), spinal inclination angle, thoracic ROM, lumbar ROM and total spinal ROM. Spinal inclination angle was defined as the angle between a plumb line and a straight line from the first thoracic vertebra to the first sacral vertebra ([Figure 1](#fig1){ref-type="fig"}). A greater spinal inclination angle reflected a forward, stooped posture which gives poor sagittal balance. When evaluating the SpinalMouse^®^ data, we found a significant correlation with the lumbar radiographic findings for the lumbar lordosis angle (r = 0.546, *p* \< 0.0001), though the average lumbar lordosis angle estimated by the SpinalMouse^®^ was smaller than that derived from plain radiograph. This finding indicates that the SpinalMouse^®^ is still useful and acceptable for evaluating the spine ROM and total spine alignment, as described in the literature,^[@ref18]-[@ref25])^ although SpinalMouse^®^ estimation of the angles is not compatible with that derived from plain radiographs. Thus, we decided to use the SpinalMouse^®^ measurements of spine parameters for analyses in this study. The thoracic kyphosis and lumbar lordosis angles are shown as positive values in this study.

![Spinal inclination angle. The angle between a plumb line and a straight line from the first thoracic vertebra to the first sacral vertebra.](2186-3326-77-0329-g001){#fig1}

Radiographic evaluation of knee OA
----------------------------------

Radiographic examinations were performed on PA weight-bearing knee radiographs made with the knee in 45 degrees of flexion, according to Rosenberg *et al.* ^[@ref26])^ The radiological assessment was based on the Kellgren and Lawrence (K-L) classification based on the presence or absence of a narrowed joint space, osteophyte formation and osteonecrosis, with each knee joint being graded from 0 to grade 4.^[@ref27])^ A knee joint with grade 0 has no radiographic findings of OA, grade 1 has slight or unclear osteophyte formation, grade 2 has definite bony proliferative changes in the absence of a narrowed joint space, grade 3 has moderate joint space narrowing and grade 4 has more pronounced narrowing of the joint space associated with osteosclerosis of the subchondral bone. Subjects were categorized to the OA group if either knee was graded K-L grade ≥2. The no-OA group was defined as showing radiographic findings of K-L 0 or 1 in either knee.

Statistical Analysis
--------------------

All data are shown as means ± standard deviation (SD) and were analyzed using SPSS Ver. 20 (SPSS, Chicago, IL, USA). An unpaired *t* test and Chi-square test was used to evaluate differences between the knee OA (+) and knee OA (--) groups for univariate analyses. We performed multivariate logistic regression analysis to evaluate the odds ratio (OR) with 95% confidence interval (95% CI) for potential risk factors for the occurrence of knee OA. Variables were included in a multiple logistic regression model if their univariate analysis *p* value was \<0.20. We used Pearson's correlation coefficient analysis for determining variables. The threshold for significance was a *p* value of \<0.05.

RESULTS
=======

The basic characteristics of the subjects are listed in [Table 1](#table1){ref-type="table"}. A comparison of the subjects with and without knee OA determined by univariate analyses is shown in [Table 2](#table2){ref-type="table"}. There were 33 subjects (6 males and 27 females) defined as having knee OA. The average age of subjects in the knee OA (+) group was significantly higher than the knee OA (--) group ([Table 2](#table2){ref-type="table"}). There were significantly more females in the knee OA (+) group than in the knee OA (--) group. When univariate analyses of the spinal factors were performed in the knee OA (+), we identified spinal inclination angle, thoracic spinal ROM, and knee flexion angle as significant factors associated with the knee OA (+) ([Table 2](#table2){ref-type="table"}). Multivariate logistic regression analysis of selected variables related to spinal factors from the univariate analyses revealed that the spinal inclination angle was the only significant parameter associated with knee OA (+) ([Table 3](#table3){ref-type="table"}). This suggests that an increase in the spinal inclination angle is related to an increase in the occurrence of knee OA. We evaluated the correlations among variables as well; spinal inclination angle had significant negative correlations with lumbar lordosis angle (r=--0.593, *p*\<0.01), lumbar spinal ROM (r=--0.283, *p*\<0.01) and total spinal ROM (r=--0.166, *p*\<0.05), and it had positive correlation with knee flexion angle (r=0.286, *p*\<0.001) ([Table 4](#table4){ref-type="table"}).

###### 

Clinical background of the subjects

  Item                           Value
  ------------------------------ -------------
  Total number                   170
  Male/Female                    70/100
  Age (years)                    69.4 (6.9)
  BMI (kg/cm^2^)                 23.2 (3.0)
  Spinal alignment               
  Thoracic kyphosis angle (°)    41.5 (9.8)
  Lumbar lordosis angle (°)      18.7 (11.3)
  Spinal inclination angle (°)    3.5 (5.5)
  Spinal ROM                     
  Thoracic spinal ROM (°)        24.5 (12.0)
  Lumbar spinal ROM (°)          45.0 (15.4)
  Total spinal ROM (°)           93.7 (22.6)

Values are shown as the number of subjects or as the mean (SD).

BMI=body mass index, ROM=range of motion

###### 

Difference in variables between subjects with and without knee OA

  Variables                      Knee OA (+)   Knee OA (--)   Significance (*p*)
  ------------------------------ ------------- -------------- --------------------
  Subjects number                n=33          n=137          
  Age (years)                    72.8±7.1      68.6±6.5       0.002\*
  Male/Female                    6/27          59/78          0.003\*
  BMI (kg/cm^2^)                 24.4±3.2      22.9±2.9       0.245
  Spinal alignment                                            
  Thoracic kyphosis angle (°)    43.2±10.7     41.1±9.5        0.174
  Lumbar lordosis angle (°)      17.8±9.7      18.9±11.7       0.785
  Spinal inclination angle (°)   5.2±4.0       3.1±5.7        \<0.001\*
  Spinal ROM                                                  
  Thoracic spinal ROM (°)        19.9±9.4      25.6±12.3       0.011\*
  Lumbar spinal ROM (°)          44.4±14.2     45.1±15.7       0.884
  Total spinal ROM (°)           99.4±20.4     92.3±22.9       0.106
  Knee flexion angle (°)         1.5±4.3       0.3±1.6         0.012\*

Values are shown as the mean (SD) or the number of subjects.

OA=osteoarthritis

Asterisk indicates significant difference.

###### 

Results of multivariate logistic regression analysis for risk of knee OA

  Parameter                      OR      95% CI         Significance (*p*)
  ------------------------------ ------- -------------- --------------------
  Thoracic kyphosis angle        1.02    0.978--1.064   0.174
  Spinal inclination angle (°)   1.073   1.005--1.146   0.035\*
  Thoracic spinal ROM (°)        0.971   0.935--1.008   0.124
  Total spinal ROM (°)           1.013   0.994--1.032   0.168

OR=odds ratio, CI=confidence interval

Asterisk indicates significant difference.

###### 

Correlations between measured variables

  -------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variables                      Thoracic\            Lumbar lordosis\   Spinal\                 Thoracic spinal\   Lumbar\       Total\        Knee\
                                 kyphosis angle (°)   angle (°)          inclination angle (°)   ROM (°)            spinal\       spinal\       flexion\
                                                                                                                    ROM (°)       ROM (°)       angle (°)
  ------------------------------ -------------------- ------------------ ----------------------- ------------------ ------------- ------------- ---------------
  Thoracic kyphosis angle (°)                         0.424\*\*          --0.082                 --0.237\*\*        0.110         0.017         --0.174\*

  Lumbar lordosis angle (°)                                              --0.593\*\*             --0.091            0.351\*\*     0.220\*\*     --0.271\*\*\*

  Spinal inclination angle (°)                                                                   --0.069            --0.283\*\*   --0.166\*     0.286\*\*\*

  Thoracic spinal ROM (°)                                                                                           --0.387\*\*   --0.334\*\*   --0.145

  Lumbar spinal ROM (°)                                                                                                           0.507\*\*     --0.140

  Total spinal ROM (°)                                                                                                                          --0.144

  Knee flexion angle (°)                                                                                                                        
  -------------------------------------------------------------------------------------------------------------------------------------------------------------

Data represent Pearson's correlation coefficient.

\**p*\<0.05, \*\* *p*\<0.01, \*\*\* *p*\<0.001

DISCUSSION
==========

The interrelationship between a pathological state of the knee joint and spinal alignment was first reported by Itoi *et al.* ^[@ref14])^ By analyzing lateral radiographic films of the whole spine and lower extremities in osteoporotic patients, they found that individuals with thoracic kyphosis, a primary deformity of the osteoporotic spine, appeared to compensate with knee flexion along with the lumbar spine, sacroiliac joint and hip joint. On the other hand, Tsuji *et al.* reported that the presence of patella-femoral pain correlated well with sacral inclination and knee flexion position and also with changes in lumbar kyphosis. Furthermore, they called this significant correlation between lumbar kyphosis and knee flexion position as the knee-spine syndrome.^[@ref15])^ Similarly, Murata *et al.* performed radiological examinations of the lumbar spine in a standing position to evaluate the relationship between lumbar lordosis and degenerative changes of the knee joint. They suggested that degenerative changes in the knee might be a factor in the development of similar changes in the lumbar spine with loss of lordosis and this might be called the \"knee spine syndrome\".^[@ref16])^ However, both of these studies used the presence of patella-femoral pain and/or knee flexion position, not radiographic evidence of knee OA, as the determinant of a knee joint disorder. They also evaluated the association between sagittal alignment of the spine and knee joint using only radiographs of the lumbar spine. Looking at whole spinal balance, Harato *et al.* examined ten healthy females in a gait analysis of simulated knee flexion contracture to elucidate the knee-spine syndrome. Results of their study suggested knee flexion contracture significantly influenced three-dimensional trunk kinematics and would lead to spinal imbalance.^[@ref17])^ In the current study, we demonstrated, for the first time, the relationship between total spinal factors and the occurrence of radiographic knee OA in elderly subjects.

The present study demonstrated that increased spinal inclination angle was an independent factor related to knee OA in the elderly in multivariate analysis. In addition, decreased lumbar lordosis, decreased spinal ROM, and increased knee flexion angle had significant correlations with an increased spinal inclination angle. In contrast, we found that the thoracic kyphosis angle was not a significantly important factor in the occurrence of knee OA and did not correlate with the spinal inclination angle, whereas, lumbar lordosis, lumbar spinal ROM and total spinal ROM correlated significantly with the spinal inclination angle. As we found in a previous study, elderly people have difficulty maintaining sagittal balance due to inflexibility of the spine which results in decompensated sagittal balance.^[@ref21])^

We speculate that a relationship exists between knee OA and the spinal inclination angle, but we are unsure which factor arose first. In an elderly person with an increased spinal inclination angle, head bent forward, and sagittal imbalance, the individual must maintain hip and knee flexion to preserve their global sagittal alignment and stand appropriately on their feet ([Figure 2](#fig2){ref-type="fig"}). The knee joint becomes overloaded in a flexed position, and this continuous overload leads to knee OA, which may be referred to as the spine-knee syndrome. On the other hand, if an elderly person had knee OA first, they would stand in a slouched position with their knees flexed, which can be referred to as the knee-spine syndrome ([Figure 3](#fig3){ref-type="fig"}). This study demonstrated a significant relationship between increased spinal inclination angle and knee OA, which forms a basis for further investigation into this issue.

![Spine-knee syndrome. An increased spinal inclination angle with the head bent forward and sagittal imbalance must maintain hip and knee flexion to preserve their global sagittal alignment.](2186-3326-77-0329-g002){#fig2}

![Knee-spine syndrome. An elderly person with knee OA should stand in a slouched position with their knee flexed.](2186-3326-77-0329-g003){#fig3}

This study had several limitations. First, the number of subjects in our study was relatively small. Second, radiographs of the entire spine, hips and ankle joints were not performed. Ideally, full radiographic examination of the entire spine would be useful for a complete evaluation of sagittal alignment, and hip radiographs or radiographs of the lower limbs on standing would be useful for evaluating total sagittal alignment of the lower extremities. Thus, we were unable to properly evaluate the correlation between knee OA and real alignment in these volunteers. Third, we could not determine the real cause of spinal imbalance because we did not perform radiographs of the thoracic and thoracolumbar area. Although subjects with a history of spinal compression fracture were excluded from the study, some elderly people might have asymptomatic osteoporotic fractures due to bone density loss, and this condition leads to spinal imbalance. However, radiographs of the chest, whole spine, and hip/knee joints would have exposed healthy people to an unnecessary amount of radiation. We believe that SpinalMouse^®^ is a useful tool for checking the health of the spine because subjects are not exposed to radiation. SpinalMouse^®^ is a simple and noninvasive device that has been shown to be reliable in many studies.^[@ref18]-[@ref25])^ Thus, this may be sufficient as the first study demonstrating the relationships between total spinal factors and knee OA in elderly subjects.

CONCLUSION
==========

This is the first study that examined the relationships between total spinal alignment, spinal ROM and knee OA in elderly subjects. The spinal inclination angle is the most important factor associated with knee OA, although spinal ROM is also associated with knee OA. Decreased lumbar lordosis and lumbar ROM is related to increased spinal inclination angle.
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